Preliminary analysis of reverberation
data in ASIAEX experiment™

Jianjun Liu, Fenghua Li, Renhe Zhang
National Laboratory of Acoustics, 10A, CAS

Jixun Zhou
Georgia Tech

*The work was supported by the National
Natural Science Foundation of China and ONR



Report Documentation Page

Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,

including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it

does not display a currently valid OMB control number.

1. REPORT DATE 2. REPORT TYPE
01 DEC 2001 N/A

3. DATES COVERED

4. TITLEAND SUBTITLE

Preliminary Analysis of Reverberation Datain ASIAEX Experiment

5a. CONTRACT NUMBER

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S)

5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

National Laboratory of Acoustics, |IOA, CAS and Georgia Tech

8. PERFORMING ORGANIZATION
REPORT NUMBER

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)

10. SPONSOR/MONITOR'S ACRONYM(S)

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT
Approved for public release, distribution unlimited

13. SUPPLEMENTARY NOTES
Also See: M001452, The original document contains color

images.

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF:

17. LIMITATION OF

a. REPORT b. ABSTRACT c. THISPAGE
unclassified unclassified unclassified

ABSTRACT
uu

18. NUMBER | 19a. NAME OF
OF PAGES RESPONSIBLE PERSON

30

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



Outline

s 1. Source level of bombs
s 2. Monostatic reverberation
s 3. Bistatic reverberation

s 4. The horizontal direction of monostatic
reverberation and bistatic reverberation
by the beam forming of horizontal array.



1. Source level of bombs

= Two kinds of bombs
= 1). 38g bombs detonated in 50m,

Distance between receiver and source:
R=14m;

= 2). 1kg bombs detonated in 50m
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Figl. Source level of 38g bombs



Two assumptions:

= 1)Reverberation strength is only related
to source level and the environmental
parameters and the depths of receiver
and source.

= 2)The change of ocean environment IS
not very quickly.
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Fig2. Comparison of reverberation loss of 38g
and 1kg bomb. Receiver depth 32m.



Difference between 38g bomb SL and 1kg bomb SL
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2. Monostatic Reverberation

Reverberation loss:

RL = 9L - 10* logl0l



3. Jun , 1000Hz
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Fig3. Comparison of reverberation loss recorded by VLA.
Frequency 1000Hz.



Receiver depth 8.13m
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Fig4d. Comparison of different frequency reverberation loss
at the depth 8m.
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Fig5. Comparison of different frequency reverberation loss
at the depth 90m.
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Fig6. Comparison of different frequency vertical correlation,
Receivers depths are 80.5m and 82.5m. Frequency 500Hz(red),
1000Hz(black), 1500Hz,(blue).



3. Bistatic reverberation

= Distance between 1kg bomb source and
receivers:

ro=7.6km;
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Fig7. Comparison of monostatic(red) and biastaic(black)
reverberation loss, receiver depth 80m,frequency 1000Hz
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Fig8. Comparison of monostatic(red) and bistatic(black)
reverberation vertical correlation, receivers depths:
80.5m and 82.5m, frequency 1000Hz.



Normal mode theory based on ray-mode

analogies and three dimension scattering
model:

= When t >2ro/c:

m 1) loi(t)™ Imo(t+ ro/c)
B Z)Z?bi(t)N ?mo(t+ ro/C)
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Fig9. Comparison of monostatic(red) and biastaic(black)
reverberation loss, receiver depth 80m,frequency 1000Hz.

to=ro/c=5.1s, ro=7.6km
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Figl0. Comparison of monostatic(red) and bistatic(black)
reverberation vertical correlation, receivers depths:
80.5m and 82.5m, frequency 1000Hz. to=ro/c=5.1s, ro=7.6km



3.Jun bistatic(blue) and monostatic(red) reverberation vertical structure
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Figll. Comparison of monostatic(red) and bistatic(blue)
reverberation vertical structure. Frequency 1000Hz



3.Jun bistatic(blue) and monostatic(red) reverberation vertical structure
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Figl2. Comparison of monostatic(red) and bistatic(blue)
reverberation vertical structure. Frequency 2000Hz



3.Jun bistatic(blue) and monostatic(red) reverberation horizontal structure
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Figl3. Comparison of monostatic and bistatic horizontal structure,
Frequency 1000Hz. Receliver depths are all 40m.

//\\
/

 —
\\

The number of charnal

14

/
A

D

)




3.Jun bistatic(blue) and monostatic(red) reverberation horizontal structure
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Figl4. Comparison of monostatic and bistatic horizontal structure,
Frequency 2000Hz. Receliver depths are all 40m.
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Figl5. Comparison of different frequency monostaic
reverberation loss received by horizontal array in June 3.
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Figl6. Comparison of different frequency monostaic
reverberation loss received by horizontal array in 5 June.
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The profiles of sound speed
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Figl7. The June 3(line) and June 5(dot) profile of sound speed
during reverberation experiment



4.Horizontal direction
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Fig18. Horizontal direction of monostatic reverberation,
Frequency 80Hz
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Fig19. Horizontal direction of bistatic reverberation,
Frequency 80Hz
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Fig20. Beam form of Jun. 3 reverberation.
Band width 250Hz-450Hz.



Discussion

1) 1kg bomb SL can be estimated by comparing
Its reverberation strength with that of 38g bomb;

2) When t >2ro/c:

Ibi(t)™ Imo(t+ ro/c);?ni(t)™ ?mo(t+ ro/c)

3) Why June 3 reverberation has horizontal
structure? Studying further!

4) Monostatic reverberation is stronger at 90
degree azimuth. Bistatic reverberation can not
be distinguished clearly.

5) There Is a target in the distance about 3.3km
at 130 degree azimuth.
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